The indirect arterial pulse tracing from a healthy young person normally shows two systolic waves, the percussion wave and the tidal wave ( Fig. 1 ). In hypertension and old age the percussion wave is usually small or absent (Fig. 2) . In health, anwmia, and hyperthyroidism (Hancock and Abelmann, 1957) , and in patent ductus arteriosus (Fig. 3) , the two peaks may be prominent enough to give the pulse a bisferiens character. In aortic valve disease the pulse has a water-hammer quality when the percussion wave is large and sharply peaked, and an anacrotic quality when it is absent or small. The bisferiens pulse is known to occur in aortic valve disease (Bramwell, 1937) (Fig. 4) , but there is little agreement about either the nature of the responsible valve lesion or the genesis of the pulse.
The patient was included in the study if the carotid tracing resembled Bramwell's illustration (Fig. 4) 
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severe, severe, or gross aortic regurgitation. The absence of an aortic peak systolic pressure gradient in the gross cases suggests that the regurgitation was "pure", i.e. the valve lesion was free from an element of stenosis. This impression was confirmed at operation in one case where the aortic incompetence was caused by the prolapse of a valve cusp into a ventricular septal defect.
In 4 of the 7 patients with lesser degrees of regurgitation the presence of aortic peak systolic pressure gradients measuring from 10 to 50 mm. Hg suggests the possibility of a degree of stenosis. Flow gradients, if they existed, would be more likely to occur in the cases of gross regurgitation.
The bisferiens pulse has not been encountered by the authors in pure aortic stenosis, nor in aortic stenosis with slight regurgitation.
DISCUSSION
The Nature of the Aortic Valve Lesion Associated with a Bisferiens Pulse. The bisferiens pulse has been observed in cases of pure aortic regurgitation by Steell (1894), Clarke (1894) , Broadbent and Broadbent (1900) , Lewis (1906) , Hancock and Abelmann (1957) , and H. Hartman (personal communication, 1963); and Mackenzie (1908, Fig. 147 ) and Robinson (1963, Fig. 3a ) have published typical bisferiens tracings from patients with aortic incompetence. Fleming (1957) has recorded the finding of a bisferiens aortic pressure pulse in cases where there was evidence of "significant" aortic regurgitation after-aortic valvotomy. Broadbent and Broadbent (1900) , Mackenzie (1908) , Wood (1956) , and Robinson (1963) considered that an element of stenosis had to accompany the incompetence before the pulse could assume a bisferiens character, but little pathological or physiological evidence is presented in support of their claim, and one wonders if it was the presence of the bisferiens pulse itself, and the absence of a water-hammer pulse, which led these authors to their conclusion. Apart from the lack of physiological or pathological correlations, there are two other considerations that make it difficult to draw conclusions from the literature on the bisferiens pulse. First, a variety of recording techniques have been applied to different arteries: it may be impossible, for example, to compare the results of a study of the aortic pressure pulse with conclusions drawn from the radial sphygmograph, or to decide how reliably an author could distinguish by palpation the difference between an anacrotic and a bisferiens pulse. Second, it may not be easy to understand the criteria used by an author for his definition of the bisferiens pulse: for example Mackenzie (1908, Fig. 147, 148) and Robinson (1963, Fig. 3a) have each published pulse tracings from cases of aortic regurgitation which are, in our opinion, more floridly "bisferiens " than the tracings presented as typical examples of the condition; and Feil and Gilder (1921, Fig. 6) Fig. 4 are commonly encountered, but they have not been included in this study which shows that the bisferiens pulse can and does occur in " pure'" severe aortic regurgitation as well as in cases where there is probably an element of stenosis.
The Nature of the Bisferiens Pulse. Simultaneous records of the carotid displacement pulse and the aortic pressure pulse show that the carotid percussion wave occurs at the time of the anacrotic wave of the aortic pressure pulse. The tidal wave coincides with the peak of aortic pressure (Fig. 1, 5) , and is not a reflected wave. This observation agrees with Robinson (1963) .
The feature that appears to be characteristic of the bisferiens carotid pulse is the early systolic appearance of a rapidly rising percussion wave of displacement that is much more prominent than the synchronous anacrotic aortic pressure wave (Fig. 5) ; and it is reasonable to assume that this indicates the achievement of a sudden relatively large increase in the volume of blood contained in the artery for a relatively small increase in the aortic pressure. The percussion wave may be regarded as a transient pulsation imposed under certain circumstances on the basic arterial wave form, and the trough following may be attributed to its subsidence. The disproportionate enlargement of the percussion displacement wave reaches an extreme in the water-hammer pulse (Fig. 6 ). Bisferiens and water-hammer patterns of pulse, albeit on a small scale, are common findings in young healthy people, and the limited evidence that we have ( Fig. 1) suggests that the disproportion is also present.
In hypertension and old age the absence or the po~'erty of the percussion wave ( Fig. 2) indicates that the disproportion is slight, and it is reasonable to conclude that a relatively smal increase in aortic pressure cannot produce a large increase in the carotid arterial volume. In aortic stenosis the valvular lesion tends to prevent the sudden early systolic filling of the arteries, and there is usually little disproportion between the carotid displacement pulse and the aortic pressure pulse (Fig. 7) . In 1937 Bramwell observed that aortic stenosis affected the pulse contour in a manner similar to hypertension.
Theoretically the important factors in the relation between the carotid displacement pulse and the aortic pressure pulse are the condition of the arterial wall, and the magnitude and the rate of change in blood volume within the vessel. (Bramwell, 1937) tend to have an opposite effect. Perhaps the preservation of a large and rapid initial rise in the carotid percussion wave in young children with severe aortic stenosis (Robinson, 1963) may be attributed to a readily distensible condition of the young aiterial wall.
The Magnitude and the Rate of Change of the Blood Volume within the Artery. Aortic regurgitation, patent ductus arteriosus, and the other conditions that enlarge the stroke output and the pulse pressure probably enhance the early-systolic filling of the arteries and tend to produce a bisferiens or water-hammer type of percussion wave if the vessel wall is in a readily distensible condition. Bramwell (1937) remarked that any condition causing a high pulse pressure and a low diastolic pressure tended to produce a pulse resembling that of aortic incompetence. As will be seen later, there is evidence to suggest that a large stroke output may be responsible for the bisferiens or collapsing type of arterial pressure pulse.
Aortic stenosis impedes the early systolic filling of the arteries and must oppose the production of the bisferiens and water-hammer types of percussion wave.
The Anacrotic Aortic Pressure Wave. The work of Spencer and Greiss (1962) indicates that the anacrotic wave of the aortic pressure pulse corresponds with the period of acceleration of the blood flowing through the aortic valve, when the left ventricular pressure is higher than the aortic. Later in the ejection phase the blood flow decelerates and the aortic pressure is higher than the left ventricular pressure. The maximum alteration in the rate of change of momentum of the blood flow occurs at the time of the peak of the anacrotic pressure wave, and it is to be expected that the magnitude of the peak will be proportional to the alteration in the rate of change of momentum. During the spread of a pressure wave towards the periphery of the arterial system the "front" and the peak increase in amplitude (McDonald and Taylor, 1959) , and consequently the anacrotic waves tend to become more prominent.
Enlargement of the stroke volume appears to be a common finding in patients with a bisferiens pulse, and it is reasonable to suppose that it predisposes to a high initial ejection velocity, to a large alteration in the rate of change of momentum of the ejected blood, and, consequently, to a prominent anacrotic wave. The amplitude of the corresponding percussion wave of the carotid displacement pulse is modified by the condition of distensibility of the arterial wall.
The depth and shape of the trough between the anacrotic wave and the peak of the aortic pressure pulse, or between the percussion and the tidal waves of the carotid arterial displacement pulse, depend upon the magnitude and slope of the two positive waves, and there is no need to postulate a "Venturi" mechanism (Fleming, 1957) to explain its presence. The application of the Venturi principle to pulsatile blood flow in elastic vessels is not yet established, and records of the brachial and femoral arterial displacement pulses from a case of coarctation of the aorta suggest that a constriction may tend to obliterate the percussion peak and trough (Fig. 9) .
The Clinical Implications. There is a conflict of opinion about the value of pulse tracings in aortic valve disease, and some of the reasons for the disagreement have been discussed. It appears that youth, a low diastolic blood pressure, a large stroke volume, and aortic regurgitation tend to produce a bisferiens or collapsing type of carotid percussion wave, while advancing age, a rise in the diastolic blood pressure, reduction in the stroke output, and aortic stenosis tend to oppose its production. There may be fewer difficulties if it is accepted that the factors unrelated to the aortic lesion may dominate the pulse. For example, in patients with aortic stenosis, the pulse may lose its anacrotic character when the heart accelerates (Bramwell, 1937) . Another example is seen in a case of aortic regurgitation with arterial hypertension (Fig. 8) . The Braunwald test showed that the volume of regurgitation was comparable with that of the patients with a bisferiens pulse who are reported in this study, and there was no evidence of stenosis, but the carotid tracing failed to show a bisferiens type of percussion wave, and there was little disproportion between the carotid displacement curve and the aortic pressure pulse. Presumably the condition of the arterial wall prevented the appearance of a large percussion wave.
SUMMARY
A bisferiens carotid arterial displacement pulse was recorded in 10 patients with severe aortic valvular disease. The Braunwald test indicated that moderately severe, severe, or gross aortic regurgitation was present in each. The absence of a peak systolic aortic pressure gradient in certain cases, particularly in those with the most severe regurgitation, suggested their freedom from an ,element of stenosis.
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----Av----*-HAiMODYNAMIC IMPLICATIONS OF THE BISFERIENS PULSE The anacrotic wave and the peak of the aortic pressure pulse were found to coincide with the percussion and the tidal waves of the simultaneously recorded carotid arterial displacement curves. It is suggested that amplitude of the peak of the anacrotic wave is proportional to the rate of change of momentum of the ejected blood, and that the amplitude of the corresponding percussion wave of displacement is modified by the distensibility of the artery. The depth and shape of the trough between the two peaks is thought to depend upon the magnitude and slope of the two waves rather than upon a Venturi effect.
It is suggested that the condition of the arterial wall, the diastolic blood pressure, and the stroke volume can influence the pulse sufficiently to preclude its use as a simple guide to the nature of the aortic valve lesion.
